Freezing and cryoprotective dehydration in an Antarctic nematode (Panagrolaimus davidi) visualised using a freeze substitution technique.
The pattern of ice formation during the freezing of Panagrolaimus davidi, an Antarctic nematode that can survive intracellular ice formation, was visualised using a freeze substitution technique and transmission electron microscopy. Nematodes plunged directly into liquid nitrogen had small ice crystals throughout their tissues, including nuclei and organelles, but did not survive. Those frozen at high subzero temperatures showed three patterns of ice formation: no ice, extracellular ice, and intracellular ice. Nematodes subjected to a slow-freezing regime (at -1 degrees C) had mainly extracellular ice (70.4%), with the bulk of the ice in the pseudocoel. Some (24.8%) had no ice within their bodies, due to cryoprotective dehydration. Nematodes subjected to a fast-freezing regime (at -4 degrees C) had intracellular (54%) and extracellular (42%) ice. Intracellular ice was confined to the cytoplasm of cells, with organelles in the spaces in between ice crystals. The survival of nematodes subjected to the fast-freezing regime (53%) was less than those subjected to the slow-freezing regime (92%).